Olive tree, Olea europaea L., is considered the most important tree in Jordan. The olive pit scale, Pollinia pollini Costa (Hemiptera: Asterolecanidae) has become a destructive threat to some olive groves in Jordan. A field study was conducted in an olive grove located in Northern Jordan during the growing season of 2015 to determine the population dynamics of this pest on two olive cultivars: Grossidi and Nebali Baladi, grown under rain-fed conditions. Terminal twigs were randomly sampled from the periphery of the canopy on each experimental tree at on month intervals throughout the entire year. Each sample was inspected thoroughly under a dissecting microscope in the laboratory for the presence of the immature and mature pit scale insect. The Grossidi olive cultivar was significantly more susceptible to P. pollini than Nebali Baladi, as indicated by the development of higher populations throughout the year. There was strong evidence that P. pollini overwintered as adults. Three generations were recorded per annum. The first generation occurred in February and March, followed by others from May to June and from August to November, respectively. The first two generations were significantly larger than the third one. Based on these observations, the greatest abundance of crawlers occurs in mid-March and mid-May, and therefore, application of insecticides is recommended during this period of time, since crawlers lack a waxy covering on their body and thus facilitates the chemical penetration through the cuticle, making them more susceptible to insecticides. Moreover, farmers are encouraged to cultivate the native Nebali Baladi cultivar rather than the more susceptible, introduced Grossidi cultivar in areas subject to heavy infestation.
Introduction


Olive tree, Olea europaea L., is one of the oldest fruit trees in the world. Olives are a major agricultural crop in the Mediterranean region, which contains 95% of the olive trees in the world [1, 2] . Nowadays, olive farming is expanding in many countries outside this region, likely because of the growing demand for a healthy fat source for human consumption [3] . Fruits and oil from olive trees have historically been associated with sustaining human life in many parts of the Mediterranean region, constituting a basic staple food in human diet and contributing importantly to the region's economy [4] . The overall land area devoted to olive production is estimated at 9.6 million hectares globally, representing approximately 865 million olive trees [5] . Most olive fruits (about 16 million tons) are processed into oil, whereas about 10% are used as table olives [6] .
In Jordan, there has been an increase in the area planted to olive trees, with the acreage increasing approximately 220% between 1991 and 2001. Based on figures of the Ministry of Agriculture, the total area allocated to olive cultivation is about 130,000 ha, which is occupied by 20 million olive trees, covering about 72% of the total land planted with fruit trees and 36% of the cultivated land [7] . The two major olive-producing regions in Jordan are the western mountain ranges and the northeastern desert region [8] . Olives are normally cultivated under rain-fed conditions in the western mountain region, whereas drip irrigation is used to sustain olive groves in the dry desert area. Different patterns of olive farming are pursued in Jordan, even in each producing region. Typically, olive plantations tend to be small in the rain-fed mountainous area where the agricultural practices are conducted in a traditional manner with minimal input of chemical fertilizers and pesticides. This approach is often associated with low productivity and production costs, along with frequent prevalence of pests. Conversely, large olive farms are set up in the irrigated eastern desert region, which receive intensive agronomic practices such as irrigation, fertilization, plowing, weed management, pest control, pruning and other inputs, leading eventually to high output and costs.
Despite the increase in the area planted with olive trees in previous decades, olive production in Jordan is still encountering several limitations, in particular the infestation by insects. Olive pit scale, Pollinia pollini Costa (Hemiptera: Asterolecanidae) is a destructive threat in some olive-production areas in the Mediterranean region. Sporadic outbreaks of pit scale have been reported in Italy and Greece [9] , the island of Crete [10] , North Cyprus [11] and Turkey [12] . It displays one or more annual generations, depending on location [13, 14] . This pest is restricted to olive and usually causes severe damage to weak olive trees in warm regions, but attains only low population densities with negligible economic significance in colder regions [15] . Recently, outbreaks of P. pollini occurred in many olive groves in Jordan, primarily on inadequately maintained trees. All stages of P. pollini occur on twigs, small branches and particularly twig axils, where their feeding inhibits tree growth [16] . Defoliation, leaf deformities, branch death and misshapen fruit are commonly associated with pit scale infestation [17] [18] [19] .
Although sporadic reports document the incidence of pit scale in some countries, little is known about the life history and management of this insect. Furthermore, the many growers are unaware of this pest and attribute the symptoms caused by the olive pit scale to other causes. Therefore, a field trial was conducted to determine the population dynamic of P.
pollini on two olive cultivars, Nebali Baladi and Grossidi, in a commercial olive orchard under rain-fed conditions.
Materials and Methods
A field trial was conducted in a traditional olive grove located in Al-Taybeh, Irbid district, Jordan, during the entire growing season of 2015. The population dynamics of P. pollini was monitored and compared their performance on the native Nebali Baladi cultivar and the non-native Grossidi cultivar. The experimental site was sited at altitude of 320 m above sea level, 32°-55° N, 35°-68° E, which has typical Mediterranean climatic conditions characterized by hot and dry summer and cold rainy winter and with average precipitation of 450 mm per annum. Like most of the olive plantations in study area, olive trees were cultivated under rain-fed conditions with rare input of fertilizers and pesticides, along with occasional pruning every several years. The soil was tilled twice per year, one in early winter season to enhance retention of precipitation and the other in spring for weed control.
For this investigation, uniformly sized, 10-year-old olive trees of the cultivars Nebali Baladi and Grossidi were randomly selected from the olive grove. Ten trees of each cultivar were selected for continuous sampling. Four 30 cm-long terminal twigs were randomly sampled from different locations on the periphery of the canopy on each experimental tree at 30-day intervals throughout the entire year. Collected samples were then placed individually in plastic bags. Soon thereafter, these twigs were inspected carefully under a dissecting microscope in the laboratory for the presence of nymphs and adults of the pit scale. The Population Dynamic of Olive Pit Scale, Pollinia pollini Costa (Hemiptera: Asterolecanidae) on Two Olive Cultivars in North Region of Jordan 3 numbers of crawlers, second to fourth instars (denoted as nymphs) and adult insects were recorded on each sampling date to determine the incidence, abundance and number of generations per year.
Results and Discusion
Adults of the olive pit scale were encountered on both olive cultivars throughout the entire year, but their densities varied greatly among the sampling dates and cultivars (Fig. 1) . The numbers of adult pit scale on Grossidi olive cultivar were generally greater than that on the Nebali Baladi cultivar. This difference in abundance was evident during the entire growing season, but the disparity was greatest during the winter months (October to March).
Abundance of adults seems to follow a similar trend on both olive cultivars through the year, but at different magnitudes. The mean number of mature scale insects inhabiting the Grossidi cultivar was generally 7-19 individuals per twig, depending on the sampling date, whereas the mean number of adults on the Nebali Baladi cultivar did not exceed 6.7 individuals per twig in any sampling date. On both cultivars, adults experienced a decrease in abundance in the spring, presumably due to the death of overwintering adults after reproduction (Fig. 1) . Clearly, the olive pit scale passes the winter in the adult stage, which is consistent with the results of Alexandrakis [13] in Crete, and of Menzer et al. [20] in Algeria. However, Ahmed [19] reported the highest and lowest levels of adult abundance in July and December, respectively, in olive groves in Alexandria, Egypt. Such contradictory findings suggest that environmental conditions may influence the bionomics of this pest.
The seasonal population trend of the first instar of P.
pollini (known as the crawler stage) on both olive cultivars were illustrated in Fig. 2 . In general, crawlers on both the Grossidi and Nebali Baladi cultivars occurred from February to August. The crawler population tended to increase and decrease at approximately the same time on the two cultivars, but the abundance of crawlers was much greater on the Grossidi cultivar on most sampling dates. There were two major peaks in abundance on both cultivars in the middle of March and May, and a very small peak in mid-August. The greatest abundance of crawlers on the Grossidi cultivar was about 40 individuals per 30 cm twig sample during both peaks. On the other hand, the number of crawlers on the Nebali Baladi cultivar did not exceed 10 individuals per twig on any sampling date. During the August peak, a mean abundance of one and five crawlers was observed on the Nebali Baladi and Grossidi cultivars, respectively. Similarity, two peaks in abundance of P. pollini crawlers were observed on olive trees in Crete; the first peak occurred in March to April and the second outbreak was in August to September [13] .
The second to fourth instars (referred to here as nymphs) persisted in both olive cultivars throughout the period from April to November (Fig. 3) . Three distinct peaks of nymph densities were observed over the course of the year; the first and second peaks occurred in the middle of June and August, correspondingly, whereas the third peak extended from October to November. An upsurge in the population density of P. pollini nymphs was recorded on the Grossidi cultivar in mid-May and August, reaching a peak of 9.7 and 12.3 individuals per sampled twig, respectively. Nymph abundance increased slightly in November, but did not exceed 3.7 individuals per sampled twig. The same trend, but with lower densities, was observed for the nymph population on the Nebali Baladi cultivar. The mean number of nymphs reached attained a maximum of 4.7 individuals per twig on Nebali Baladi (Fig. 3) .
P. pollini is present throughout the year on olive trees cultivated under rain-fed conditions in Northern Jordan, where it overwinters in the adult stage. P. pollini undergoes two or three generations per year. The overwintering adults commence oviposition early in the year (January or early February) and newly emerged nymphs (crawlers) of the first generation occur in the olive trees in the middle of February, reaching a maximum number one month later. In April, all crawlers (the only mobile stage) molt to stationary nymphs. The nymphal period (instars II-IV) of the first generation require two months to complete their development. The nymphs of the second generation occur in early summer season, also completing their development within two months (May and June). However, growth of nymphs of the third generation is extended to four months, extending from August to November. During the first two generations, P. pollini are relatively abundant, whereas the population density of the last one is minimal.
The small size of the third generation of nymphs suggests that the fall generation may be partial: only a portion of the adult population consists of reproducing adults. This could occur when the faster-developing members of the second generation are exposed to lengthening daylight conditions and the later-developing members are exposed to shorter day lengths, with the shorter day lengths triggering dormancy, perhaps reproductive diapause.
Other studies demonstrated that P. pollini completed only one generation in Izmir, Turkey [21] , two generations per annum in Italy, Greece [13, 22] , Egypt [19] and Algeria [20] , whereas more than two annual generations were reported in the maritime area of Tunisia [23] . On olive groves in Alexandria, Egypt, the first generation (termed spring-summer) extended from March to June, while the second one (called autumn-winter generation) lasted from July to March of the succeeding year [19] . However, Menzer et al. [20] observed that the first generation of this pest occurred in April to March, whereas the second occurred from August to September. Such disparate differences in the population dynamic of the pit scale on the olive trees may be chiefly attributable to the prevailing environmental conditions.
Olive cultivars vary in their susceptibility to invasion by the olive pit scale, as indicated by the variation of the population density on the Grossidi cultivar versus the Nebali Baladi cultivar demonstrated in this study. The Nebali Baladi cultivar supported many fewer scale insects in comparison with Grossidi. Mechanisms underlying this resistance are still unknown and might be due to differences in the histological structure and/or the chemical properties of the host plant. It is well known that olive trees of Nebali Baladi cultivar, native to Jordan, possess a harder lumber (wood) in comparison with Grossidi and other non-native cultivars, which may hamper the feeding activity of P. pollini.
Conclusions
Based on the occurrence of the crawler stage in mid-March and mid-May, these would be the optimal times for farmers to apply insecticide if they were experiencing potentially damaging populations. During these periods, the scale insects are in the crawler stage, which more vulnerable to insecticides due to lack of wax layer covering their body like other scale insect species [24] . Also, crawlers are capable of actively wondering over short distances, their Population Dynamic of Olive Pit Scale, Pollinia pollini Costa (Hemiptera: Asterolecanidae) on Two Olive Cultivars in North Region of Jordan 6 dispersal over long distances are chiefly mediated by wind because very small size, so suppression of this stage could protect other trees as well. Chemicals should be applied against the crawlers to obtain a satisfactory control, since older nymphs produce a tough, waxy covering (test) over their body, which in turn can be covered with sooty mold and dust sticking to the test. Farmers should be encouraged to cultivate the native Nebali Baladi cultivar rather than the introduced Grossidi cultivar in areas subject to infestation, since the pit scale builds up significantly lower population on the native Nebali Baladi cultivar, all through the year.
